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ABSTRACT : 

PURPOSE: To obtain a thin film solar cell and 
its manufacturing method 

wherein sensitivity to the long wavelength side is 
improved, and optical 
deterioration is little. 

CONSTITUTION: In the title thin film solar cell, 
a transparent conducting 

film 2, a PIN semiconductor layer, and a rear 
electrode 6 are formed in this 

order on a glass substrate 1. A P-layer 3 of the 
PIN semiconductor layer is 

composed of thin film polycrystalline P-type 
silicon. An I-layer 4 of the PIN 
semiconductor layer is composed of I-layer 
amorphous silicon. An N-layer 5 of 
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the PIN semiconductor layer is composed of N-type 
amorphous silicon or N-type 

microcrystal silicon. As to the manufacturing 
methode, the transparent 

conducting film 2, the PIN semiconductor layer, and 
the rear electrode 6 are 

formed in this order on the glass substrate 1. The 
P-layer 3 of the PIN 

semiconductor layer is the polycrystalline P-type 
silicon. The I-layer 4 is 

I-type amorphous silicon. The N-layer 5 of the PIN 
semiconductor layer 5 is 

N-type amorphous silicon or N-type microcrystal 
silicon . 
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damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thin film solar cell characterized by for the transparence electric conduction film, an PIN semi-conductor 
layer, and a rear-face electrode being the thin film solar cells which it comes to form in this order, for P layers of said 
PIN semi-conductor layers consisting of thin film polycrystal P type silicon, for I layers of said PIN semi-conductor 
layers consisting of I-beam amorphous silicons, and N layer of said PIN semi-conductor layer consisting of an N type 
amorphous silicon or N type microcrystal silicon on a glass substrate. 

[Claim 2] The thin film solar cell according to claim 1 characterized by for said particle size of P layers being 200A or 
more, and the electrical resistivity being below 100-ohmcm. 

[Claim 3] The thin film solar cell according to claim 1 or 2 characterized by the repeat of the membrane formation and 
hydrogen plasma treatment by the laser annealing method or the plasma-CVD method coming to form said P layers. 
[Claim 4] The thin film solar cell according to claim 1, 2, or 3 characterized by the amount of hydrogen in said film of 
P layers being less than [ 5atomic% ]. 

[Claim 5] The thin film solar cell according to claim 1, 2, 3, or 4 characterized by coming to form the ultra-thin metal 
membrane which does not carry out occlusion of the hydrogen between said transparence electric conduction film and 
said P layers. 

[Claim 6] The thin film solar cell according to claim 5 with which the ultra-thin metal which does not carry out 
occlusion of said hydrogen is characterized by being Pb, Ti, W, Mo, or TiC. 

[Claim 7] The process of the thin film solar cell characterized by being the process of the thin film solar cell which 
forms the transparence electric conduction film, an PIN semi-conductor layer, and a rear-face electrode in this order on 
a glass substrate, using P layers of said PIN semi-conductor layers as thin film polycrystal P type silicon, using I layers 
of said PIN semi-conductor layers as an I-beam amorphous silicon, and using N layer of said PIN semi-conductor layer 
as an N type amorphous silicon or N type microcrystal silicon. 

[Claim 8] The process of the thin film solar cell according to claim 7 characterized by making said particle size of P 
layers into 200A or more, and making the electrical resistivity below into 100-ohmcm. 

[Claim 9] The process of the thin film solar cell according to claim 7 or 8 characterized by forming said P layers by the 
repeat of the membrane formation and hydrogen plasma treatment by the laser annealing method or the plasma-CVD 
method. 

[Claim 10] The process of the thin film solar cell according to claim 7, 8, or 9 characterized by making the amount of 
hydrogen in said film of P layers into less than [ 5atomic% ]. 

[Claim 11] The process of the thin film solar cell according to claim 7, 8, 9, or 10 characterized by forming the ultra- 
thin metal membrane which does not carry out occlusion of the hydrogen between said transparence electric conduction 
filmandsaidPlayers: 

[Claim 12] The process of the thin film solar cell according to claim 1 1 with which the ultra-thin metal which does not 
carry out occlusion of said hydrogen is characterized by being Pb, Ti, W, Mo, or TiC. 



[Translation done] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the thin film solar cell of the large area which it comes to form on a 

cheap glass substrate, and its process. 

[0002] 

[Description of the Prior Art] The amorphous silicon carbide or amorphous silicon with which the transparence electric 
conduction film, an PIN semi-conductor layer, and a rear-face electrode contain amorphous silicon carbide, an 
amorphous silicon, or a microcrystal as P layers on a glass substrate conventionally in the thin film solar cell which it 
comes to form in this order has been used. 

[0003] When these P layers are used, in case a-Si:H which is next I layers is formed, the boron in P layers is spread to I 
layers, or the transparence electric conduction film is spread to P layers or I layers. Therefore, in order to create the 
amorphous-silicon solar cell of high performance, membrane formation temperature is made into 250 degrees C or less, 
and membrane formation is made. 

[0004] this membrane formation temperature of I layers is restricted to 250 degrees C or less the inside of I layers » 
hydrogen — about 15atom% - it will contain. Therefore, problems, like the problem and photodegradation by the side 
of long wavelength that improvement in sensibility cannot be desired are large have arisen. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the trouble of this conventional 
technique, its sensibility by the side of long wavelength improves, and, moreover, photodegradation aims at offering a 
small thin film solar cell and its process. 
[0006] 

[Means for Solving the Problem] The thin film solar cell of this invention is characterized by for the transparence 
electric conduction film, an PIN semi-conductor layer, and a rear-face electrode being the thin film solar cells which it 
comes to form in this order, for P layers of said PIN semi-conductor layers consisting of thin film polycrystal P type 
silicon, for I layers of said PIN semi-conductor layers consisting of I-beam amorphous silicons, and N layer of said PIN 
semi-conductor layer consisting of an N type amorphous silicon or N type microcrystal silicon on a glass substrate. 
[0007] In the thin film solar cell of this invention, it is desirable that said particle size of P layers is 200A or more, and 
the electrical resistivity is below 100-ohmcm. 

[0008] Moreover, in the thin film solar cell of this invention, it is desirable that the repeat of the membrane formation 
and hydrogen plasma treatment by the laser annealing method or the plasma-CVD method comes to form said P layers. 
[0009] Furthermore, in the thin film solar cell of this invention, it is desirable that the amount of hydrogen in said film 
of P layers is less than [ 5atomic% ]. 

[0010] It is desirable to come to form the ultra-thin metal membrane which does not carry out occlusion of the 
hydrogen, such as Pb, Ti, W, Mo, and TiC, between said transparence electric conduction film and said P layers in the 
thin film solar cell of this invention moreover. 

[001 1] The process of the thin film solar cell of this invention is a process of the thin film solar cell which forms the 
transparence electric conduction film, an PIN semi-conductor layer, and a rear-face electrode in this order on a glass 
substrate, and is characterized by using P layers of said PIN semi-conductor layers as thin film polycrystal P type 
silicon, using I layers of said PIN semi-conductor layers as an I-beam amorphous silicon, and using N layer of said PIN 
semi-conductor layer as an N type amorphous silicon or N type microcrystal silicon. 

[0012] In the process of the thin film solar cell of this invention invention, although said particle size of P layers is 

made into 200A or more and the electrical resistivity is made below into 100-ohmcm, it is desirable. 

[0013] Moreover, in the process of the thin film solar cell of this invention, it is desirable to form said P layers by the 



Page 2 of 4 

repeat of the* membrane formation and hydrogen plasma treatment by the laser annealing method or the plasma-CVD 
method. 

[0014] Furthermore, in the process of the thin fdm solar cell of this invention, it is desirable to make the amount ot 
hydrogen in said film of P layers into less than [ 5atomic% ]. 

[0015] It is desirable to form the ultra-thin metal membrane which does not carry out occlusion of the hydrogen, such 
as Pb, Ti, W, Mo, and TiC, between said transparence electric conduction film and said P layers in the process of the 
thin film solar cell of this invention moreover. 

[Function] Since the thin film solar cell of this invention uses polycrystal thin film silicon for P layers, it can form I 
layers at an elevated temperature. Therefore, the sensibility by the side of long wavelength improves, and a 
photodegradation property is also improved. 

[0017] ■ , ■ 

[Example] Although this invention is hereafter explained based on an example, referring to an accompanying drawing, 

this invention is not limited only to this example. 

[0018] Drawing 1 is the schematic diagram of one example of this invention, and the schematic diagram ot the example 
of everything [ drawing 2 ] but this invention. In drawing, 1 shows a glass substrate and 2 shows the transparence 
electric conduction film (transparent electrode) and the metal thin film with which in P layers of thin film polycrystals, 
and 4 an N type amorphous silicon or N type microcrystal silicon, and 6 do not carry out a rear-face electrode, and, as 
for 7 I layers of amorphous silicons and 5 do not carry out [ 3 ] occlusion of the hydrogen. 
[0019] The thin film solar cell of this invention is thing ****** which 4, an N type amorphous silicon or the N type 
microcrystal amorphous silicon 5, and the rear-face electrode 6 are formed in this order on a glass substrate 1 the 
transparence electric conduction film (transparent electrode) 2, and P layer 3 and I layers of amorphous silicons of thin 
film polycrystals, and becomes as shown in drawing 1 

[0020] Here, particle size of P layers of thin film polycrystals is made into 200A or more, and the electrical resistivity 
is made below into 100-ohmcm. In case this forms raising Voc of this solar battery, and I layers at an elevated 
temperature, it is for preventing hydrogen from being spread in P layers in I layers. 

[0021] Thus, P layers, the solar battery of this invention has the description to use this thin film polycrystalhne silicon 
for 3, and P layers of this greatest description are in the formation approach of 3 

[0022] Being formed on the ultra-thin film 7 of the metal which does not carry out occlusion of this hydrogen 30A or 

less formed on the transparent electrode 2 as it was shown in drawing 2 , although 3 may be directly formed on a 

transparent electrode 2 has a desirable damage to a transparent electrode 2 from few points P layers. 

[0023] There are Pd, Ti, W, Mo, TiC, etc. as a metal which does not carry out occlusion of this hydrogen. 

[0024] These ultra-thin film metal membranes 7 are formed by vacuum deposition, the sputtering method, etc. 

[0025] Next, the formation approach of the P type thin film polycrystalhne silicon 3 is explained. The formation 

approach of this P type thin film polycrystalhne silicon 3 is divided roughly, and has two approaches. 

[0026] (1) It is the approach of obtaining the P type thin film polycrystalline silicon 3 by membrane formation of the 

amorphous silicon by the plasma-CVD method, and the repeat of hydrogen plasma treatment. 

[0027] 5 A - about 50A of a-Si:H which doped boron at the substrate temperature of 150 degrees C - 500 degrees C by 

RF plasma-CVD method is specifically formed, and deed hydrogen plasma treatment is performed for the ECR 

hydrogen plasma for 10 seconds - 60 seconds. 

[0028] The important point in this hydrogen plasma treatment is adjustment of the amount of hydrogen atom flux 
which arrives at a substrate front face, this amount of hydrogen atom flux -4x1015 atom/cm2 and sec - it is 

preferably required more than 1 x1016 atom/cm2 and sec. . 

[0029] The P type thin film polycrystalline silicon 3 is obtained by repeating this membrane formation and hydrogen 
plasma treatment. 100A - 1000A of this thickness is 100A - 500A preferably. 

[0030] (2) It is the approach of obtaining the P type thin film polycrystalline silicon 3 by the laser annealing method. 
[0031] 100A - 1000A of a-Si:H which doped boron is specifically vapor-deposited by the plasma-CVD method, 
subsequently an excimer laser is used, and it is an energy density 100 mJ/cm2 - 400 mJ/cm2 Laser annealing of a-Si:H 
is carried out, and it is recrystallized. Here, as an excimer laser, it is KrF, ArF, XeCl, and F2. It is used. Moreover, 
substrate temperature is made into 500 degrees C from a room temperature in the case of laser annealing. 
[0032] Next, although 4 [ I-layer ] is formed after P layer 3 membrane formation, I layers of a-Si.H are formed by the 
approach usual in 4 1 layers. 

[0033] When P layers of an amorphous silicon are used, it is restricted to 250 degrees C or less by diffusion of the 
boron in P layers, and diffusion of a transparent electrode, but when polycrystalline silicon is used for P layers, 
membrane formation to 500 degrees C is possible for the substrate temperature in that case. 
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[P034] Generally, 4 [ Mayer / 250 degrees C - 450 degrees C ] is preferably formed as 250 degrees C - 350 degrees C 
in substrate temperature by the plasma-CVD method. 

[0035] Formation of the N layer 5 is formed of a-Si:H of the N type containing a-SiH or microcrystal silicon of N type. 
[0036] Finally the rear-face electrode 6 is formed and a solar battery is completed. 

[0037] Since [ which was formed on the P layer silicon 3 of thin film polycrystals as a point which should be noted 
here ] the amorphous silicon of 4 grows on a crystal especially in an interface, there are few amounts of hydrogen and I 
layers of amorphous silicons of high quality are formed. Therefore, when making the photodegradation property of a 
solar battery improve, formation of the small amorphous silicon of the photodegradation in an important P/I interface is 
attained. 

[0038] Hereafter, based on a more concrete example, this invention is explained more to a detail. 
[0039] On the example lSn02 glass substrate 1 with which 2 was formed, the thin film polycrystal P type silicon film 
3 was formed by membrane formation of the P type a-Si:H film and the repeat of ECR hydrogen plasma treatment 
according to RF plasma-CVD method by the following membrane formation conditions. 

[0040] The membrane formation by RF plasma-CVD method is the substrate temperature of 230 degrees C, SiH4 
=20SCCM, H2 =200SCCM, B-2 H6 =(what was diluted to 1000 ppm)2SCCM, reaction chamber pressure 0.5Torr, and 
RF power density 30 mW/cm2. It carried out for 40 seconds. The thickness obtained by this was 20A. 
[0041] Subsequently, ECR hydrogen plasma treatment is performed. This processing was performed for 30 seconds in 
H2 =200SCCM, reaction chamber pressure 20mTorr, and ECR power 450W. The hydrogen atom flux which has 
reached the substrate 1 at this time was more than 1x1016 atom/cm2 and sec. 

[0042] The membrane formation and ECR hydrogen plasma treatment by this RF plasma were repeated 12 times, and 
the P type thin film polycrystalline silicon film 3 of 200A of thickness was obtained. 

[0043] Next, this P type silicon film 3 was conveyed in the vacuum, and I layers of amorphous silicon film of 4 were 
formed by the plasma-CVD method. 

[0044] As membrane formation conditions, they are SiH4 =20SCCM, the substrate temperature of 300 degrees C, 
reaction chamber pressure 0.2Torr, and RF power density 20 mW/cm2. It carried out and thickness was made into 
4000A. 

[0045] The N layer 5 was similarly formed by the plasma-CVD method. As membrane formation conditions, they are 
the substrate temperature of 270 degrees C, reaction chamber pressure ITorr, SiH4 =10SCCM, PH3 =(what was diluted 
to 1000 ppm)100SCCM, H2 =200SCCM, and RF power density 0.2 W/cm2. It carried out and thickness was made into 
250A. 

[0046] On this N layer 5, the composite electrode (rear-face electrode) 6 which consists of 800A of ZnO thin films and 
1000A of aluminum thin films was formed, the solar battery was completed, change of the effectiveness after carrying 
out photodegradation of this solar battery by AMI. 5 and the lOOmW solar simulator at 50 degrees C for 500 hours was 
investigated, and the result was shown in a table 1 . 

[0047] When the usual amorphous P layer is used, it turns out that the rate of degradation is substantially reduced 
compared with the example of a comparison mentioned later. 

[0048] an example 2 plasma-CVD method - SiH4 =20SCCM, B-2 H6 =(what was diluted to 1000 ppm)5SCCM, 
reaction chamber pressure O.lTorr, the substrate temperature of 200 degrees C, and RF power density 30 mW/cm2 
400A of P type amorphous silicon film was formed on the transparence electric conduction film 2 of a glass substrate 1. 

[0049] Subsequently, laser annealing was performed at the substrate temperature of 350 degrees C using the excimer 
laser (KrF). This laser annealing sets wavelength of KrF to 248nm, and is a laser energy consistency 200 mJ/cm2 It 

—carried out and-carried out in the-vacuum — — 

[0050] 400A was obtained for the P type thin film polycrystalline silicon 3 by this laser annealing by thickness. 
[005 1] Where the obtained film 3 is held in a vacuum, 4, the N layer 5, and the rear-face electrode 6 were created by 
the same approach as an example 1 I layers, and the solar battery was completed. The photodegradation property of the 
solar battery of the acquired example 2 was investigated like the example 1, and the result was collectively shown in a 
table 1 . 

[0052] On the example 3Sn02 glass substrate 1 with which 2 was formed, with the vacuum deposition of electronic BI, 
20 A of Pd was vapor-deposited at the substrate temperature of 250 degrees C, and the metal thin film 7 which does not 
carry out occlusion of the hydrogen was formed. 

[0053] Next, by the same approach as an example 1 , RF plasma CVD and ECR hydrogen plasma treatment were 
performed on the same conditions, and 3 [ P-layer ] was formed. 4, the N layer 5, and the rear-face electrode 6 were 
also created on the same conditions, and I layers of solar batteries were completed. The photodegradation property of 
the solar battery of the acquired example 3 was investigated like the example 1, and the result was collectively shown 
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iw a table 1. 

[0054] Example Sn02 of a comparison On the formed glass substrate, the a-SiC:H film of P type was formed at the 
substrate temperature of 200 degrees C by RF plasma-CVD method at 150A of thickness. 

[0055] As membrane formation conditions, they are SiH4 =20SCCM, CH4 =40SCCM, H2 =200SCCM, B-2 H6 = 
(what was diluted to 1000 ppm)10SCCM, reaction chamber pressure 0.5Torr, and RF power density 30 mW/cm2. It 
carried out. 

[0056] N layer, I layers, and a rear-face electrode were produced like the example 1, and the solar battery was 
completed. The photodegradation property of the obtained solar battery was investigated and the result was collectively 
shown in a table 1. 

[0057] Here, if the membrane formation temperature of I layers is formed at 300 degrees C, since P layers are 
amorphous, the boron in P layers will be spread in I layers, and will produce large degradation of an initial property. 
Moreover, the engine performance after degradation is bad from the blackness of a P/I interface after photodegradation. 



[0058] 
[A table 1] 





XL S 


JSC 

<mA/cn*) 


Voc 
(V) 


F F 
(%) 


(%) 




m m 


19.83 
19.48 


0.941 
0.920 


70.51 
62.9 


13.14 
11.32 


Hi6W2 


m m 

5 0 0lMWefc» 


19.93 
19.64 


0.941 
0.916 


70. 33 
62.4 


13.17 
11.28 


mmms 


5 0 0IHO$ffSfft 


19.99 
19.78 


0.942 
0.918 


70.57 
62.6 


13.35 
11.4 


mm 




18.84 
17.71 


0.80 
0.81 


62.0 
52.0 


9.34 
7.49 



[0059] 

[Effect of the Invention] As explained above, while the sensibility by the side of long wavelength improves according 
to the thin film solar cell of this invention, a photodegradation property can improve substantially. 
[0060] Moreover, according to the process of the thin film solar cell of this invention, while the sensibility by the side 
of long wavelength improves, the thin film solar cell with which the photodegradation property is improved 
substantially is obtained. 



[Translation done] 



